Several laboratories have used the pulsed wire method for magnetic field measurement. The acoustic wave distortion of the wire was observed. The limitations of this method were discussed. A pulsed wire system is under test in SRRC on an undulator UlOp with a total length of 2m. In this paper the authors clarify the effect of wire imperfection and dispersion of acoustic wave, which are deemed to the main sources of the distortion and limitations. A strategy using thick wire is proposed to make this method reliable in precise measurement.
INTRODUCTION
The pulsed wire method was proposed [l] and applied to measuring wigglers and undulators in some groups [ 1 -131.
One uses pulsed wire system to take the place of Hall probe system in the following situations:
One desires to make in situ measurements of wiggler magnetic fields so as to monitor the field error, calculate the radiation spectrum and cancel the wiggler steering errors. One-needs to speed the fine-tuning of wiggler field. In the point measurement of mini-gap undulator the limited space cannot accommodate the support of the Hall probe. Some dynamic behaviors are of concern. For example, pulsed magnets [4, 13] and current ramping of wiggler require a real time measurement system. Because of the similar reasons, the Synchrotron Radiation Research Center (SRRC) plans to use the pulsed wire method to measure the small-gap superconducting wiggler. Before that, the pulse wire system is tested on a prototype undulator UlOp with a total length of 2m and a peak field of 1 Tesla. UlOp has been well measured by Hall probe and long-loop systems. Fig. 1 shows the pulsed wire system. For the measurement of the 1" integral of magnetic field, we use a digital function generator and a power transistor to generate a current pulse of 0.2 ms and 0.5 Ampere. The photo-coupler H21A1 is used to detect the horizontal displacement of the Be-Cu wire due to the interaction between wire current and the magnetic field.
*fantc@sm -Pov.tw tHowever, to get a high S/N ratio, the pulsed wire system also needs a large number of scans for average. Alternatively, digital filters might be applied if prudently enough. Despite of the convenient setup, limitations of this method were discussed [ 13. Moreover, some spurious components were confusing. They are: the distortions or the main signal (especially the beginning peak and ending peaks), the weak signals that arrive at the sensor after the main signal ("leading signal" for simplification) and the weak signals arrive before the main signal ("tail signal" for simplification) [ Through a series of systematic experiments, the authors believe that the tail signal comes from the imperfection of the wire and the other spurious signals mainly come from dispersion as the results of the finite stiffness of wires. To reach the accuracy of Hall probe system, these spurious signals should be eliminated. To put the tension of the wire to yield limit is a good way to reduce the dispersion effect (see also Fig. 2) . Other approaches to reduce the wire imperfection and solve the dispersion will be proposed [ 151. 
__
The tail signals patterns differ from wire to wire even with the same diameter. They are reproducible for given wires. A typical waveform is shown in Fig. 2 . The characteristic frequencies of these weak signals are the same as that of the main signal. This implies hints that they come from the interference of the reflection of main signal due to wire's imperfections. Fig. 3 presents an experiment demonstrating how acoustic waves propagate at the source area. After pulse excitation, the original waveform was created and divided into two sub-waves propagating along opposite direction. Each sub-wave has one half of the amplitude of original waveform. We put an optical detector inside the undulator gap, i.e. at the source area. At the very beginning, two opposite waves overlap and detector gets a signal of full amplitude. After the two waves move away, the detector can see the sub-waves with half amplitude without overlap. One can also see that in the inset graph of Fig. 3 , actually the wire displacement does not reach its full amplitude during the pulse period. When there are imperfections on the wire, one subwave will lose energy due to the reflection and get energy from the reflection of the other sub-wave. As a result, if the waveform of every period is of the same and only one imperfection is under consideration, the waveform would not alter when passing through the imperfections. However, if not, wave distortion and interference will occur and accumulate. Then we get a tail signal.
We purposely put some drops of wax or silicone oil purposely on a selected uniform wire to simulate the imperfection causing a significant tail signal. One example is shown in Fig.4 If this imperfection hypothesis is accepted, one can expect that a thick wire would not be sensitive to the impurity of the wire and have a better uniformity and less tail signal. We replace the wire with 125 pm diameter by a 250 pm one and indeed can reduce the signal. This agrees with the hypothesis of imperfection. An additional advantage of the thick wire is that the disturbance from airflow can be effectively reduced.
DISPERSSION
The transverse-motion equation of thin rods, well discussed in textbooks of mechanics [ 141, is a4x a2x
in which E is modulus of elasticity, I is moment of inertia, T is the tension, p is the mass density and A is the area of cross section. Consider the propagation of harmonic waves in an infinite beam by considering the solution The increase of wire tension will speed the wave propagation and reduce the phase difference. This definitely reduces the dispersion-involved distortion. Fig.  6 presents a comparison between Hall probe and the pulsed wire measurement with high tension and thick wire. There is small but still appreciable difference at the first two and the last two poles. This difference is pulsewidth and tension dependent. 
